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Abstract
Taking into consideration the significant impact of working force on the quality of realization of a construction process from the 
aspect of safety at work, it is essential to be familiar with the features of construction workers and identify their risk groups. 
Within the research, the analysis was carried out examining the influence of experience of workers in construction jobs at which 
they suffered an injury, along with the analysis of the influence of workers’ age on the occurrence of injuries. The type of works 
has an impact on the occurrence an injury only in the case when the works are realized by workers with less than 4 years of 
experience. It was determined that those types of works which require a certain level of professional training account for a 
smaller number of injuries compared with those types of work where “physical” work is dominant.
© 2015 The Authors. Published by Elsevier Ltd.
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1. Introduction
Taking into consideration the significant impact of working force on the quality of realization of a construction 
process from the aspect of safety at work, it is essential to be familiar with the features of construction workers and 
identify their risk groups. Such information can play an important role when determining the level of risk involved 
in particular types of works and the overall project, as well as in organizing work brigades in order to lower the risks 
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of getting injured. [1] Within the research, the analysis was carried out examining the influence of experience of  
workers in construction  jobs  at which they suffered an injury, along with the analysis of the influence of  workers’ 
age on the occurrence of injuries.
Previous research on the problem of the influence of “new” workers, i.e. workers with little experience, showed 
that the observed group of workers generates increased injury risks to a considerable extent. Levitt and Samelson [2] 
determined that 25% of injured construction workers have less than 2 months of working experience, whereas 6% of 
injured workers have between 2 and 3 months of working experience. According to the Health and Safety Executive 
of Great Britain, “adequate experience makes a significant part of competence. It is more likely that the workers will 
adopt a safe way of working if they are familiar with the reasons why it is necessary”. [3]The research carried out by 
the National Safety Council of Nebraska which encompassed 143 national companies in the USA showed that the 
occurrence of injuries among new workers is by 52% higher if they had not undergone the training process 
compared to those workers who had been trained. [4].
According to the research conducted by Root [5], a conclusion was drawn that the injury risk is of the highest 
level for construction workers belonging to the 18 to 34 age group, where the occurrence of injuries among 20 to 24 
age group is by 27% higher than the average, while for the 25 to 34 age group is by 24% higher compared with the 
average. The wide-ranging research was carried out by Salminen [6], who analyzed 108 research projects relating to 
the analysis of workers’ age on the occurrence of injuries. Within the observed research projects, three of them 
analyzed the occurrence of injuries in building construction, while five of them related to the occurrence of fatal 
accidents. If the conclusions reached by the three research projects on injuries are considered, it is possible to 
conclude that the injury rate is lower among younger workers (younger than 25) than among older ones. [1-24]
2. Creating the data of injuries at work
For the needs of the research, a data base of injuries at work was created, containing the injuries that occurred 
during the realization of construction works. It was created with the aim of defining potential sources of risk, their 
connection with various types of works (earthworks, concrete works, carpentry works, etc.), materials used, tools, 
mechanization, as well as with the features of the working force. In addition to this, the data about the injuries 
provide information on the significance of the listed parameters and facilitate quantification of risk parameters 
(probability and level of consequences).
Data included in this data base were gathered through the reports of injuries at work addressed to the 
occupational medicine department in Novi Sad and relate to construction companies with the head offices in AP 
Vojvodina. The data include information on injuries that occurred during the period of four years, i.e. from the 
beginning of 2004 until the end of 2007.
Since the observed period of research includes two sets of regulations, Regulations on the content and manner of  
issuing of the list of injury at work (Official Gazette RS, 2/92) and Regulations on the content and manner of issuing 
of the report on injuries at work, occupational disease related to work (Official Gazette RS, 72/06), in accordance 
with the Law on  safety and health at work (Official Gazette RS, 101/05), during the process of collecting the data, 
two types of reports of injuries at work were analysed:
x Reports of  injuries at work (according to Regulations on the content and manner of issuing of the list of injury at 
work (Official Gazette RS, 2/92) and
x Reports of injuries at work (according to Regulations on the content and manner of issuing of the report on 
injuries at work, occupational disease related to work (Official Gazette RS, 72/06)
By analysing  injury reports, it was determined that a certain number of reports relates to injuries which did occur 
within a construction company, but are not a consequence of work realized within a construction site, as well as that 
a certain number of reports does not contain all the required data. The structure of analysed injury reports is shown 
in Tab. 1.
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Table1. Structure of analyzed reports of injuries at work
Field of civil engineering Number of analyzed injury reports % proportion
All areas – inside and outside the construction site 1158 100%
All areas– inside the construction site 990 85.49%
Field of building construction –
inside the construction site
Total 736 63.56%
Do not contain key information 17 1.47%
Included in the data base 719 62.09%
The total number of analysed injury reports amounts to 1158, where 990 of those relate to injuries which 
occurred on construction sites in all fields of civil engineering (building construction, hydro-technical construction, 
and civil construction). Having in mind that the research is carried out for the needs of risk management of safety at 
work in building construction, the reports of injuries which relate to the observed field were selected. Moreover, out 
of 736 injury reports, 17 of them did not contain key data (description of the injury occurrence), which made it 
impossible to accurately determine the sources and causes of injuries. For the same reason, those were not included 
in the data base.
3. Analysis of experience and age of workers
Having analysed the experience of construction workers in Vojvodina, a conclusion was drawn that the 
construction industry is primarily employing workers with little working experience (less than 4 years). [7] It is 
necessary to mention that the whole construction industry was observed, rather that the segment related to 
realization of the construction process only.
In order to determine the importance of this parameter, the analysis was carried out of data from the data base for 
all types of construction works. At the same time, finishing works were observed as a single group, due to a large 
number of various works and relatively small number of injuries (103 injuries for 15 different types of works). 
Types of construction works at which these injuries occurred are shown in table 2. and are classified into two 
groups, according to whether they require a certain level of qualification (competence) or not. It should also be 
mentioned that the group of works that do not require professional training comprises work operations of mainly 
manual nature or the assistance to construction mechanization, but the operating of mechanization is seen as a 
separate type of works. Moving on the construction site (without performing any work) is separated since it is 
realized by all workers within all types of works. The results of the analysis are shown in Tab. 2. with the adopted
division of the interval within the period of 5 years.
Considering the fact that the data indicate the increased  risk of injuries compared to the average for  the transfer 
works, loading and unloading, earthworks, demolition and disassembly, praparation works and site cleaning, i.e. 
those that do not require professional training, it is possible to conclude that the training for the safety at work is 
necessary for these types of works as well, although they are primarily regarded as “ physical” work. Also, a 
conclusion can be drawn that after the first 5 years of working this regularity does not apply any more (for all types 
of observed works), which implies the importance of continuous training and work control, in order to ensure safety 
in performing work operations.
By analysing the number of injuries, the groups of works which appear to be of highest risk are carpentry works, 
moving without transfer of material, transfer, loading and unloading.  Increased risk of injuries at work within 
finishing works should be considered with caution, owing to a large number of works in this group. Fig. 1 shows the 
total distribution in percents of injuries for all types of works. It can be concluded that there is a trend of decrease in 
the occurrence of injuries along with the increase in working experience, where those workers with less than 5 years 
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of experience account for 34.6% of injured workers.
Fig. 1. Diagram of division of injury occurrence in relation to the experience of workers in works at which the injury occurred
Table 2. Overview of the number and percentual ocurrence of injuries in relation to the experience of workers in  works at which they got injured 
for all types of construction works
Type of works
Experience in works at which an injury occurred
Total
0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-40
Reinforcing
8 10 5 4 5 4 0 0 36
22.2% 27.8% 13.9% 11.1% 13.9% 11.1% 0.0% 0.0% 100%
Concrete works
11 9 3 4 2 3 3 0 35
31.4% 25.7% 8.6% 11.4% 5.7% 8.6% 8.6% 0.0% 100%
Operating 
mechanization
18 6 6 4 7 6 2 1 50
36.0% 12.0% 12.0% 8.0% 14.0% 12.0% 4.0% 2.0% 100%
Carpentry works
28 18 19 9 11 7 7 4 103
27.2% 17.5% 18.4% 8.7% 10.7% 6.8% 6.8% 3.9% 100%
Masonry works
16 7 5 6 4 4 5 2 49
32.7% 14.3% 10.2% 12.2% 8.2% 8.2% 10.2% 4.1% 100%
Finishing works
29 23 14 10 12 5 6 4 103
28.2% 22.3% 13.6% 9.7% 11.7% 4.9% 5.8% 3.9% 100%
Mechanization 
maintenance
4 5 0 6 4 6 3 1 29
13.8% 17.2% 0.0% 20.7% 13.8% 20.7% 10.3% 3.4% 100%
Moving without 
transfer
37 17 4 7 7 11 6 2 91
40.7% 18.7% 4.4% 7.7% 7.7% 12.1% 6.6% 2.2% 100%
Transfer 
48 26 9 4 4 9 13 1 114
42.1% 22.8% 7.9% 3.5% 3.5% 7.9% 11.4% 0.9% 100%
Loading and 25 8 3 7 9 8 4 0 64
34,6%
18,6%
10,3%
8,8% 9,3% 9,3%
6,8%
2,2%
0,0%
5,0%
10,0%
15,0%
20,0%
25,0%
30,0%
35,0%
40,0%
0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-40
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unloading 39.1% 12.5% 4.7% 10.9% 14.1% 12.5% 6.3% 0.0% 100%
Earthworks
7 3 2 1 1 2 0 0 16
43.8% 18.8% 12.5% 6.3% 6.3% 12.5% 0.0% 0.0% 100%
Demolition and 
disassembly
12 1 2 1 1 2 0 0 19
63.2% 5.3% 10.5% 5.3% 5.3% 10.5% 0.0% 0.0% 100%
Preparation works 
and site cleaning
6 1 2 0 0 0 0 1 10
60.0% 10.0% 20.0% 0.0% 0.0% 0.0% 0.0% 10.0% 100%
Total
249 134 74 63 67 67 49 16 719
34.6% 18.6% 10.3% 8.8% 9.3% 9.3% 6.8% 2.2% 100.0%
The data analysis comprised the analysis of injury occurrence in relation to the age of workers at the time when 
the injury occurred, according to the observed types of works. The results of the analysis are shown in Tab. 3.  
Age intervals are adopted in accordance with the division adopted by the Statistical Office of the Republic of 
Serbia. 
If the data from table 3. are analyzed, a conclusion can be made that the highest rate of injuries occurs among the 
workers aged 25 to 34 , as well as those between 40 and 54 years of age. 
Table 3. Overview of the number and perceptual occurrence of injuries in relation to the age of workers for the observed types of construction 
works
Type of 
works
Workers’ age at the time of injury
Total
18 i 19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60 - 65
Reinforcing
0 1 7 6 10 2 4 5 1 0 36
0.0% 2.8% 19.4% 16.7% 27.8% 5.6% 11.1% 13.9% 2.8% 0.0% 100%
Concrete 
works
0 1 4 4 5 3 6 8 3 1 35
0.0% 2.9% 11.4% 11.4% 14.3% 8.6% 17.1% 22.9% 8.6% 2.9% 100%
Operating 
mechaniz.
0 3 6 6 6 5 10 8 5 1 50
0.0% 6.0% 12.0% 12.0% 12.0% 10.0% 20.0% 16.0% 10.0% 2.0% 100%
Carpentry 
works
0 1 9 14 10 14 25 17 10 3 103
0.0% 1.0% 8.7% 13.6% 9.7% 13.6% 24.3% 16.5% 9.7% 2.9% 100%
Masonry 
works
1 3 6 3 2 8 9 8 7 2 49
2.0% 6.1% 12.2% 6.1% 4.1% 16.3% 18.4% 16.3% 14.3% 4.1% 100%
Finishing 
works
1 3 13 19 15 20 15 7 7 3 103
1.0% 2.9% 12.6% 18.4% 14.6% 19.4% 14.6% 6.8% 6.8% 2.9% 100%
Mechaniz. 
maintenance
0 1 1 3 2 6 6 5 5 0 29
0.0% 3.4% 3.4% 10.3% 6.9% 20.7% 20.7% 17.2% 17.2% 0.0% 100%
Moving 
without 
transfer
1 9 12 11 3 15 11 21 8 0 91
1.1% 9.9% 13.2% 12.1% 3.3% 16.5% 12.1% 23.1% 8.8% 0.0% 100%
Transfer 
0 8 22 11 12 11 16 21 9 4 114
0.0% 7.0% 19.3% 9.6% 10.5% 9.6% 14.0% 18.4% 7.9% 3.5% 100%
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Loading and 
unloading
2 4 7 6 5 7 17 8 4 4 64
3.1% 6.3% 10.9% 9.4% 7.8% 10.9% 26.6% 12.5% 6.3% 6.3% 100%
Earthworks
0 1 2 2 2 1 2 2 3 1 16
0.0% 6.3% 12.5% 12.5% 12.5% 6.3% 12.5% 12.5% 18.8% 6.3% 100%
Demolition 
and 
disassembly
0 4 3 2 4 3 1 1 1 0 19
0.0% 21.1% 15.8% 10.5% 21.1% 15.8% 5.3% 5.3% 5.3% 0.0% 100%
Preparation 
works and 
site cleaning
0 2 2 2 1 1 1 0 1 0 10
0.0% 20.0% 20.0% 20.0% 10.0% 10.0% 10.0% 0.0% 10.0% 0.0% 100%
Total
5 41 94 89 77 96 123 111 64 19 719
0.7% 5.7% 13.1% 12.4% 10.7% 13.4% 17.1% 15.4% 8.9% 2.6% 100.0%
However, in order to study the actual influence of age and experience, the analysis of interdependence of these 
two parameters was carried out. By doing so, the number of injuries in relation to the age and experience at the time 
of injury occurrence was observed. (Tab. 5)
Within the table, percentual occurrence of injuries in relation to the total number of injuries in the data base is 
shown (718 injuries). In order to identify more easily the categories of workers with higher risk, the workers were 
classified according to Tab. 5. 
As it can be seen, the group with the highest risk is made up of workers aged between 20 and 34, with 0-4 years 
of experience (total of 20.47%), i.e. the youngest workers with least experience, if the workers aged 18 and 19 are
excluded, since there are the fewest of them in the sample.
According to the table, it is possible to notice the trend of injury risk decreases with the growth of age and 
experience of workers. 
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Table 5. Overview of number and perceptual occurrence of injuries in relation to workers’ age for the observed types of construction works
Experience
Workers’ age at the time of injury
Total
18 i 19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-65
0-4
5 39 68 40 27 18 24 23 3 3 250
0.70% 5.43% 9.47% 5.57% 3.76% 2.51% 3.34% 3.20% 0.42% 0.42% 34.8%
5-9
0 2 22 32 18 20 16 17 5 2 134
0.00% 0.28% 3.06% 4.46% 2.51% 2.79% 2.23% 2.37% 0.70% 0.28% 18.7%
10-14
0 2 16 16 18 10 6 6 0 74
0.00% 0.28% 2.23% 2.23% 2.51% 1.39% 0.84% 0.84% 0.00% 10.3%
15-19
2 1 14 23 12 7 3 1 63
0.28% 0.14% 1.95% 3.20% 1.67% 0.97% 0.42% 0.14% 8.8%
20-24
0 2 14 29 16 3 3 67
0.00% 0.28% 1.95% 4.04% 2.23% 0.42% 0.42% 9.3%
25-29
0 2 27 25 12 1 67
0.00% 0.28% 3.76% 3.48% 1.67% 0.14% 9.3%
30-34
1 5 17 19 7 49
0.14% 0.70% 2.37% 2.65% 0.97% 6.8%
35-40
0 0 13 3 16
0.00% 0.00% 1.81% 0.42% 2.2%
Injuries in 
total
5 41 94 89 77 95 123 111 64 20 719
0.7% 5.7% 13.1% 12.4% 10.7% 13.2% 17.1% 15.5% 8.9% 2.8% 100.0%
Table 6. Overview of number and percentual occurrence of injuries in relation to workers’ age for the observed types of 
construction works
% rate of injuries in relation to the average
(Average is 1,69%) % value of number of injuries
:KLWHJURXSRI$YHUDJH 1.70%
Green group (101 - 150% of Average) 1.70% 2.55%
Yellow group(151 - 300% of Average) 2.55% 5.10%
Orange group(301 - 450% of Average) 5.10% 7.65%
Red group (> 450% of Average) > 7.65%
4. Conclusions
According to the previous analysis, it is possible to draw certain conclusions on risks of workers’ injuries 
depending on the age and experience of workers in jobs at which these injuries occurred (not in relation to the 
overall experience). 
The type of works has an impact on the occurrence only in the case when the works are realized by workers with 
less than 4 years of experience, where it was determined that those types of works which require a certain level of 
professional training account for a smaller number of injuries compared with those types of work where “physical” 
work is dominant.
Young workers with less than 4 years of working experience make the highest risk group of construction 
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workers. Workers aged between 20-34 with less than 4 years of experience account for one fifth of the total number 
of injured workers. The rate of their injuries is from three (workers aged 20-24 and 30-34) to six times (workers 
aged 25-29) higher than the average injury rate. For older workers (over 50 years of age), it cannot be determined 
that they present a higher risk group compared with the total of all workers. An exception to this are the workers 
aged 50-54 with less than 9 and more than 20 years of experience, whose injury ocurrence rate is by around 70% 
higher than the average.
The obtained results imply the importance of education of workers from the aspect of safety at work during the 
schooling period, considering the increasing rate of injuries of young workers with minimum experience in works at 
which they got injured, but also emphasize the obligatory training for safe working when changing the work place, 
as the injury rate of workers aged 25-34 also increases in the cases when they have less than 4 years of experience. 
The theme of this research is very important for the construction industry. An important consideration in the 
preparation of engineering personnel in the building universities [25-31].
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